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Abstract
Aim: Obstructive sleep apnea syndrome (OSAS) is characterized by decreased airflow (hypopnea) or complete interruption (apnea) and is characterized by 

airway narrowing, decreased oxyhemoglobin saturation, hypercapnia, and hyperventilation associated therewith. It is known that genetic factors play role in 

the pathogenesis of OSAS. Multi-drug resistant-1 (MDR-1) gene products have a role in the pathogenesis of several diseases related to oxidative stress. We 

aimed to evaluate the frequency of MDR-1 gene C/T polymorphism in patients with OSAS. Material and Method: This study was performed on 43 OSAS and 

23 healthy individuals. Blood samples from each individual were collected in tubes with ethylenediaminetetraacetic acid (EDTA). DNA was extracted from the 

blood samples. The MDR-1 gene polymorphism was detected by polymerase chain reaction (PCR) and enzyme digestion techniques. Results: The frequencies 

of MDR-1 genotypes were found 27.9% for CC, 41.9% for CT and 30.2% for TT in the OSAS group and 17.4% for CC, 65.2% for CT and 17.4% for TT in the 

control group. The distribution of MDR-1 gene C alleles was found to be 48.8% in COPD group and 50.0% in the control group; T alleles were found to be 51.2% 

in OSAS group and 50.0% in the control group. There was no statistically significant difference observed between the groups for genotype and allele frequency 

of MDR-1 gene (p>0.05). Discussion: We believe these results can be useful for large-scale population genetic research considering the frequency of the MDR-1 

gene variation in OSAS patients in the Turkish population. 
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Introduction
Obstructive sleep apnea syndrome (OSAS) is a sleep-related 
respiratory disorder characterized as a decrease in airflow (hy-
popnea) or a complete cessation (apnea), airway narrowing, de-
creased oxyhemoglobin saturation, hypercapnia, and hyperven-
tilation associated therewith. It is seen that approximately 10% 
of middle age population and increases with age to average 
50% of the population is affected by OSAS [1, 2]. It is known 
that OSAS risk is getting high with weight gain. Thus, OSAS 
prevalence affected by raised global obesity should be updated 
[3, 4]. OSAS can cause metabolic disorders such as cardiovas-
cular diseases which increase morbidity and mortality risks [5, 
6]. There are pieces of evidence that OSAS induces oxidative 
stress and related diseases [7] but this relation needs to be 
clarified in details.
Multidrug resistance (MDR) gene belongs to the ATP-binding 
cassette (ABC) superfamily which constitutes membrane trans-
port systems. These transport systems efflux any kind of cyto-
toxic material for cell to the outside of the cell [8]. This action is 
providing the protection of living cells from oxidative stress [9]. 
If we consider the relationship of oxidative stress, OSAS and 
MDR-1 gene polymorphism, we believe to know about this 
polymorphism in OSAS can provide benefits for diagnostic and 
treatment processes of OSAS. As it has been observed, there is 
no any study investigated the relationship of OSAS and MDR-
1 gene C>T polymorphism. Thus, we aimed to evaluate the 
frequency of MDR-1 gene C>T polymorphism in patients with 
OSAS in Turkey. 

Material and Method
Patients
This study was performed on 43 OSAS patients who were treat-
ed at Düzce University Medical Faculty, Department of Chest 
Diseases, Düzce (a city located in the Marmara-northern-west 
region of Turkey) and 23 healthy age- and gender-matched 
control participants who were obtained from Kütahya Health 
Sciences University, Medical Faculty, Department of Chest Dis-
eases, Kütahya (a city located in the Aegean part of Turkey) 
were placed in this study. All of the procedures were explained 
to the subjects and written informed consent forms were ob-
tained from all participants.

The diagnosis of OSAS was established on the basis of crite-
ria proposed by the guideline establishes clinical practice rec-
ommendations for the diagnosis of OSAS in adults. All of the 
participants were ethnically Caucasian. Individuals who have 
comorbidities were excluded from the study [10]. 

Genotyping
Deoxyribonucleic acid isolation
Blood samples of 66 participants (43 OSAS, 23 controls) were 
collected in tubes with ethylenediaminetetraacetic acid (EDTA). 
Deoxyribonucleic acid (DNA) samples were isolated from pe-
ripheral blood leukocytes by standard phenol/chloroform ex-
traction method. 

Polymerase chain reaction
Polymerase chain reaction (PCR) was used to detect C3435T 
single nucleotide polymorphism (SNP). PCR assay using the for-
ward primer MDR1F 5’-TGC TGG TCC TGA AGT TGA TCT GTG 
A AC-3’ and the reverse primer MDR1R 5’-ACA T TA GGC AGT 
GAC TCG ATG A AG GCA-3’ was performed with 10× buffer, 1.5 

mM MgCl2 and 0.2 mM each dNTP and 1 U Taq DNA polymerase 
[11] . 
PCR amplification consisted of an initial denaturation for 2 min 
at 94°C followed by 35 cycles of denaturation at 94°C for 30 
s, annealing temperature 60°C for 30 s, and extension at 72°C 
for 30 s. Terminal elongation was performed at 72°C for 4 min. 
Visualization of PCR product has been presented by Figure 1. 
The digestion of a 248-bp PCR product with restriction enzyme 
MboI for 2 h at 37°C followed this step. Digested products were 
separated on a 3% agarose gel with ethidium bromide. Subse-
quently, restriction fragments were identified using the UVI Gel 
Documentation system. Fragments obtained were 238 bp and 
60 bp to T/T genotype, 172 bp and 60 bp fragments to the C/C 
genotype, and 238 bp, 172 bp and 60 bp to the C/T genotype 
[12] (Figure 2).

Statistical analysis
Statistical analyses were done by SPSS (Statistical Package for 
Social Sciences, Chicago, IL, USA) 16.0 package program. All 
results are given as number and percentage. Statistical signifi-
cance of the observed genotype frequencies was evaluated ac-

Figure 2. Agarose gel electrophoresis of MDR-1C3435T PCR products digested 
with MboI restriction enzyme. Line 1: 100 bp DNA Marker; Line 2: heterozygote 
for C and T allele (238, 172 and 60 bp); Line 3: Homozygote  for T allele (238 and 
60 bp); Line 4: Homozygote for C allele (172 and 60 bp). 

Figure 1. PCR product 
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cording to the Hardy-Weinberg rule compared to the expected 
genotype frequencies. The Chi-square test was used for com-
parison of genotype and allele frequencies between groups. All 
p- values < 0.05 were accepted as statistically significant. 

Results
The frequency of genotype for MDR gene C/T polymorphism in 
the OSAS and control groups did not show a significant devia-
tion from the Hardy-Weinberg equilibrium (p > 0.05) (Table 1). 
The frequencies of MDR genotypes in patients with OSAS and 
in control subjects are shown in Table 2. The distribution of 
MDR genotypes were found to be 27.9% (12) for CC, 41.9% (18) 
for CT, and 30.2% (13) for TT in the OSAS group and 17.4% (4), 
65.2% (15), and 17.4% (4) for CC, CT, and TT, respectively, in the 
control group. There was no statistically significant difference 
between groups for MDR genotype frequencies (c2  = 3.278; df 
= 2; p = 0.194) (Table 2). 
The allele frequencies for the MDR gene in the OSAS patients 
and the control subjects were shown in Table 2. The distribution 
for the MDR gene C alleles was found to be 48.8% (42) in the 
OSAS group and 50.0% (23) in the control group; T alleles were 
found to be 51.2% (44) in the OSAS group and 50.0% (23) in the 
control group. There was no statistically significant difference 
between the groups for allele frequency (c2  = 0.016; df = 1; p = 
0.899) (Table 2). 

Discussion
OSAS is known as one of the most general sleep-related 
breathing health problem. Collapsing of upper airway recur-
rently causes OSAS development [1, 2].  Intermittent respiratory 
arrest in OSAS results in recurrent hypoxic and re-oxygenated 
conditions in the body. This cycle changes the oxidative bal-
ance and causes the formation of reactive oxygen radicals [13]. 
The unbalanced oxidative state in these patients leads to the 
development of other additional diseases such as local and sys-
temic inflammation and coagulation-fibrinolysis imbalance [5]; 
cardiovascular diseases [5]; neurocognitive dysfunction [14] fi-
bromyalgia [14]. 
P-glycoprotein (P-gp) is produced by the expression of the MDR-
1 gene. It plays role as an ATP-driven efflux transmembrane 
protein [16]. P-gp pumps any kind of unfamiliar substance for 
cell to outside of the cell. Thus, this pump has a protective role 
against the oxidative stress by releasing the oxidative stress 
metabolites to the extracellular area [17, 18]. There are at least 
over than fifty single nucleotide polymorphisms (SNPs) have 
been reported for the MDR-1 gene associated with P-gp level. 
These SNPs have been found various in different populations 
and subject and have importance for pharmacogenomics and 
pharmacogenetics. One of the SNP is C3435T have been iden-
tified to be a risk factor for certain human diseases [19]. It is 
known that T/T homozygote can cause decreased expression of 
P-gp compared with C/C homozygotes [20]. 
In literature, it is suggested that oxidative stress is caused by 
central obesity in OSAS rather than intermittent hypoxia or 
respiratory disturbances [21]. In another study presented that 
increased oxidative stress via glutathione/oxidized glutathi-
one (GSH/GSSG) pathway can provide OSAS development. In 
this study, investigators excluded co-morbidities and the other 
factor which can increase oxidative stress [22]. If we consider 
about controversially results in the literature, we believe that 
the relationship between oxidative stress and OSAS needs to 
be clarified at a different points of view.
Some polymorphisms that play a role in the development of 
OSAS have been reported. At the same time, there are studies 
describing the necessity of considering polymorphism diversity 
in the treatment of OSAS [23-25]. As we observed that our data 
is the first study to evaluate MDR1 gene C3435T SNP in OSAS 
patients. As a result of Hardy-Weinberg evaluations, we can say 
that our population expansion has enough numbers to evaluate 
the polymorphism what we are interested in. For this reason, 
we believe that the data we have obtained are in the way of 
contributing literature. In addition, if we consider the role of 
ethnic factors in terms of polymorphism diversity, the assess-
ment of MDR-1 polymorphism in OSAS patients in different 
populations may be useful in explaining OSAS pathophysiology 
and efficacy in treatment. In our study, we aimed to contribute 
to the pathophysiology and treatment of OSAS as a result of 
oxidative stress increase caused by reduced P-gp expression in 
MDR-1 gene C3435T SNP polymorphism T/T homozygous indi-
viduals. As a result of the obtained data, there was an increase 
in T/T homozygous individuals in the OSAS group compared to 
the control group, but not statistically significant. 
If we consider allelic frequencies, OSAS group had a statistical-
ly insignificant elevation in T allele compared to C allele. There-
fore, we think that oxidative stress that may develop due to 
P-gp decrease in T/T homozygous individuals may be involved 
in OSAS pathophysiology. In both OSAS and control groups, the 
number of heterozygous individuals was more determined com-

Table 1. Hardy-Weinberg equilibrium of the MDR gene C/T polymorphism

OSAS Control

Allel Expected Observed Expected Observed

Common homozygotes CC 10.4 12 5.6 4

Heterozygotes CT 21.5 18 11.5 15

Rare homozygotes TT 11.1 13 5.9 4

p = 0.285 p = 0.144

Table 2. Genotype and allele frequencies of the MDR C/T polymorphism

OSAS Control

n % n %

Genotype Frequency

MDR C/T polymorphism

CC 12 27.9 4 17.4

CT 18 41.9 15 65.2

TT 13 30.2 4 17.4

Total 43 100 23 100

c2 = 3.278; df = 2; p = 0.194	

CC and CT
30 69.8 19 82.6

TT 13 30.2 4 17.4

Total 43 100 23 100

c2 = 1.292; df = 1; p = 0.256

CC
12 27.9 4 17.4

CT and TT 31 72.1 19 82.6

Total 43 100 23 100

c2 = 0.902; df = 2; p = 0.342	

Allele Frequency

MDR C allele
42 48.8 23 50.0

MDR T allele 44 51.2 23 50.0

c2 = 0.016; df = 1; p = 0.899

OSAS = Obstructive sleep apnea; df = degrees of freedom
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pared to other genotypes. For this reason, we can predict that 
the individuals with comorbidities which is been developed due 
to T allele are eliminated from the population due to developed 
complications and shortened lifespan.

Conclusions
Explaining OSAS pathophysiology will certainly provide high 
added value in effective treatment of the disease. Examination 
of MDR-1 gene C3435T polymorphism in patients with OSAS 
may provide opportunities for the development of effective spe-
cific therapeutics, as well as providing a more accurate assess-
ment of OSAS pathophysiology in terms of oxidative stress. We, 
therefore, believe in the necessity of evaluating the relevant 
polymorphisms in different and enlarged populations in OSAS 
patients. 
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